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© Embryogenic callus and cell suspension of inbr*d corn. 

© Embryogenic callus of corn inbred B73. embryo<genic cell 
suspensions of ccrn inbred B73, clones of the pmtvyogenic 
callus and cell suspensions of corn inbred B73. cum plants 
and the seed thereof regenerated from the embryogenic 
callus, embryogenic cell suspensions and clon« of the 
•mbryogenic callus and embryogenic cell suspensions, and 
progeny of the regenerated corn plants including mutant and 
variant progeny are claimed. 
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F3-71 61/731 5 

ELM5KYOGENIC GALLCS AND CELL SUSPENSION CF IN3RED CCHM 

Field of the Invention 
me invention relates to embryogenic callus of. corn inbred 373 - 
a major ccnrarcial inbred corn variety. The invention also relates to 
cell suspensions derived from Cryogenic callus of corn inbred B73. The 
cell suspensions may be characterized as uniform mixtures of embryogenic 
and other cells. Unexpectedly, the ceil suspensions according to the 
invention give rise to embryos of corn inbred B73 under certain culture 
conditions described hereinbekv. The invention furthermore relates to 
viable seed-producing plants of com inbred 873 regenerated from the 
embryogenic callus or embryogenic cell suspensions 'according to the inven- 
tion. Lastly, the invention concerns mutant and/cr recombinant progeny of 
embryogenic callus or erbryccenic cell suspension and corn plants regener- 
ated therefrom. Specific examples of the errbryccer.ic callus of com 
inbred 373, frcm which embryccenic ceil suspensions may be derived, have 
been deposited in the toericm Type Culture Collection 'under STCC acces- 
sion nurber 40116 on April 1-?. 19S4. 

Relevant Art 

Zea mays L. or com is a major worldwide cereal crop. Ln the 
continental United States aicr>>, an estimated 82 million acres of com is 
planted yearly. A survey of the U. S. com gem plasm base, conducted in 
1979 accounting for 1.3 billion pounds of seed com, determined that com 
irJbred B73 was used in the production of approximately 178.5 million 
pounds of corn hybrid seed. This amount reflects approximately 14% of the 
total com seed required for the 1SS0 planting of 62 million acres of com 
in the United States. B73 was used to produce more hybrid eon, seed than, 
any other com inbred line in the 1979 survey. As the major inbred corn 
line used in hybrid com seed production, B73 is a commercially important 
com inbred. Successful efforts to improve B73 are likely to have a major 
impact on the ccmnerciai com seed business. 

Current mothods for improving inbred com lines are time o^n- 
suminc, labor intensive, and risty. Thus, methods -hat reduce any of 



2 0160390 
-these croblens would represent an advance in the cereal breeding arts. 
One method for inducing chances in an inbred corn seed line is acoc^- 
-li«*ed by exoosina inbred seed corn to a mutagen, which may be ionizing 
-adlation or a mutagenic chenical, crowing the seed out, and screening the 

5 com plants for a desired characteristic such as decreased height or path- 
ogen resistance. Seed fran plants displaying the desired characteristics 
are then replanted, rescreened and the seed fran plants passing the screen 
are retained. After several years and many grow-outs of the seed, a 
sufficient seed stock of the inbred displaying the desired characteristic 

0 is accumulated for cccnercial breeding. 

Several problem attend the method of obtaining a modified inbred 
com seed line as described above. Inbred com lines are highly horczy- 
cous, or pure-bred. Such inbred lines frequently display low vigor, and 
as a result frequently produce few seed. If seed production is too low, 
5 successful large-scale production of seed derived from a single plar.t of a 
modified inbred line may not be possible at all. Even if the modified 
iriored is vigorous and produces adequate numbers of fertile seed, several 
years and many acres of land are required to produce e«u=h seeds to sake 
commercial breeding possible. 
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Other approaches to tne propeca^u,. — 

have also been suggested and rely upon plant tissue culture techniques, 
in som- of these approaches, cell cultures are subjected to mutagenic 
ionizing radiation. The desirable characteristic is selected or screened 
in c-11 culture. Cells having the desirable characteristic are propagated 
in culture and ultimately regenerated to fora seed-bearing plants (see 
e.g., Bottino ?. J., "The Potential of Genetic Manipulation of Plant Cell 
Cultures for Plant Breeding,- Radiation Botany, 15:1-16 (1975). 

Tne feasibility of using selection techniques on callus cultures 
of certain ncn-comsrcial com inbreds and the regeneration of plants pr=- 
30 ducing seed that carry the characterstic selected in tissue culture has 
^ de^nstrated by Hibbert et al. (see, "Selection and Characterization 
of a Feedback - Insensitive Tissue Culture of Maize," Planta, 143:133-18, 
(1980).) 
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P^or to the develops of the Cryogenic callus line of com 
inb-d B7 3 "of the instant Mention, no friable enbrycenic callus culture 
or ir^enic cell suspension culture of a cc^ercially 
inhred 'corn line has been desert. Wit, aspect - 
5 lines of noncommercial com inbrsds, C.S. Green has described a friaole 
callus of com inbred A188 capable of regenerate * f^* 

genesis (see, Green, C.E.. 'Scnatic Snbryogenesis and 

ation rrc the Firable Calus of Zea SS. ^ in 5 * U ^ . 

at ion Jaoarese Association of Plant 

Plant Tissues and Cells, Akio FU^iwra «d., Japanese as ^ 

,0 Tissue Culture, pub. ToKyo, Jap,,, 1932). E^enic,. fei^AlM 

callus according to Green can * derived fro, spontaneous sec.ors o 

otogenic callus. Organogenic callus according to Green can be obtained 

H amawre rvcotic erbrvos from the seed of sibling pollinated 

as follows, immature z^otic e - - 

UBS are reeved fro, the seed and placed in a Murasnige and S^oc 
15 „ ^ashige and S«g. Ph^cl^cia^^ 15:426 (1962,) — 
: Ih 0 S Jl 2,., 1 L-aspara^, - O.n bactcagar. The ^ature 
^ot'c enibno. are incubated at 28'C with 16 hours light per day. ,S - 

. w "d. e* al., 1979, "A Histological ^nation of Tissue Culture 

Xai.ia.i.n ; * «olif.r»tes rapidly and foes 

20 The eoitiielira of the scutellun beeves 

an organogenic callus cu.-ure. ~e eoi ^ ^ ^ ^ 

hichlv merister-atic. Apical neriscera fo,n at t.^ sv^~ ~ -•- - - - - 
*lch'is characterized b y an zone. Because « ^ - 

nctdi. are associated with the sheet pri-rdia, the callus x, ccnsice^ 
25 organogenic. 

Green's Cryogenic callus arises spontaneously as sectors grow- 
ing fron the established organic callus or can be induct f- pr^ary 
lures with proline. Proline, *vever, does not appear to 

• „« in B73 C-e-n's erbryogenic callus appears undifferen 
- ^enxc callus^ B, C^e £ ^ ^ ^ 

30 tiated, highly fnable, has ^ ^ ^ ^ 

is fast growing, requiring s,.b-c-lt ur^ng a ^—nHia' 
«-«e«ic callus culture Ascribed by Green develops to the coleoptHa. 

cn MS or S6 ^i« with 2% scc^se and 0.5 to 1.0 »g/l 2,4-0 
^ development to the -tore stage is possible if t ,e e^ryes 

35 «- transferred to N6 .ediu, with 6» sucrose and no 2,4-3. The .aturs 
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e-iryos can then be induced b geminate an MS or N6 median containing 2% 
sucrose without hcr7cr.es. 

Gr ~n also describes suspension cultures of the erbryogenic line 
of A138 and discloses that such suspension cultures can be maintained in 

5 MS median containing 1 n«/l 2,4-D with 2% sucrose. When alicuots or the 
suspension cultures are plated onto solidified MS medium containing 2% 
sucrose, a callus forras fran the plated suspension and embryos for* on the 
callus surface. These erfcryos are transferred to MS or N6 medio, with 6% 
sucrose for further development. After 2 weeks on median with 6% sucrose 

10 these are transferred to lew sucrose, hor^ne-free median for-^ryo gen- 
eration. A183 plants rruy be routinely regenerated fro, these erbryes. 

A ron^recenerating cell lire of com inbred B73 is known (see 
Pot^ et al, ^ov'.^l Allied Genetics, 54:209, 1979). This cell 
line' in suspension culture was established frcn a primary culture of 
,5 protoplasts' fro, plant tissues of the 373 inbred. The cells are charac- 
terized as growing well in suspension culture and easily maintainable on 
acar medium. Furthermore, the ceils can be en^.atically tu-.ee m-o 

• ► rs~°-e"-> '-•alls and beccne proliferating cells 

protoplasts, wnich in turn r-.--..e — 

^...^i,,, the cell? of this line have never been rncuced to 
^'ar^'arf'norecver display ploidy abnormalities, a character- 
Uwn in other ^-re^rating diploid plant cell lines. (See 
„ G. Meadows, "Cnaracteritation of Cells and Protoplasts of the B73 Maize 
Cell Line" Plant Science Letters, 28: 337-343 (1 982/33 ) . Other atte^ to 
adveve plant regenerate fro, established B73 callus- have been snarly 
25 unsuccessful. (See Ber^i*. B., tissue Culture of *aize Planet 

,„.,,, Callus " Genetica Pol onica , Vol. -dJ.S-S-iu' 

Regeneration From Scutelia t-aiius, w.cui 

(1982)). 

•*e ability to culture somatic cells of inbred plants in vitrH 
enables the olant brewer to apply the techniques of microbial genetics to 
, n ^i„g eroble*. in cro F plants. Included in the cenetical 

*" "accroaches that have application to plant breeding are: select,* , or 
stations in cell cultures, studying hcst-oathogen interrelationship., 
transf^ of eenetic infection into cells through uptake of exegenou 
heterology isee Szcku et al., U. S. Patent 4,394, 448) cr homologous (see 
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Eurccean Patent Application M=. 90032A) DNA. Furthermore, somatic 
cell culture enables the plant breeder to develop, select ano propagate 
somaclcnal variants having novol or useful agronomic characteristics. 

The major obstacle to the application of these techniques to com- 
mercial com inbred B73 and sare other commercial inbreds has, until now, 
been the inability to provide a tissue culture or cell suspension that can 
regenerate whole plants. The ctnbryogenic corn callus line and corn cell 
line derived therefrom provided by the instant invention makes it possible 
to accly somatic ceil genetic techniques to a major correrciai com line 
for "the first time. The particular uses to which a cereal, and particu- 
lar a com cell line such as the one described herein, can be put are 
outlined in numerous articles (see e.g., Bottir.o, P. J- "Potential of 
Ge«e^c Manipulation in Plant Cell Culture," Radiation Botany, Vol 15: 

',-16 (1 975) and Vasil, I.E., "Plant Cell Culture and Somatic Cell Genetics 
of Ca-als and Grasses," Plant Irerovere r.c and Septic Cell C-snetics, 
.Vasil, Ed.., Academic Press, N.V. . Is, Ed., (1933) and "Tissue Culture in 

the Production of Novel Disease-SesL«ar.t Cro? Plants," Biol. Sev. , 

54:329-345 (1979)). 

These uses incite selection at the cellular level of rotations 
£cr resistance to toxic substancas, such as herbicides and substances 
deduced by plane pathogens. Since the selections are carried cut at the 
ceUular level, it is likely that wrwle plants regenerated from, the cells 
will show the selected characteristic. It is significant that such a 
svst- would allow plant breeders to select (or screen) for the desired 
characteristic from a^ong thousands of cells in a single culture dish or 
Task, whereas a larce field plot would be required to select or screen a 
corresponding number of seed grown plants according to traditional plant 
. breeding methods. 

It has, for example, been demonstrated that corn plants derived 
from Black h-xican Sweet com, a non-co^ercial cultivar, can be regen- 
erated from tissue cultures that have teen selected for resistance to 
ivsin* and threonine and that tissues of the regenerated plant likewise 
croduce com slant tissue that is resistant to lysine and threonine. See 
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Hitfce-t, k!a et al., -Selection and Characterization of a Feedback - 
Xnsensitive Tissue Oils*, of Maize," Planta, 148:183-187 (1980). 

The utility of such selections carried out in callus cultures has 
also been demonstrated by the regeneration from callus culture of com 

5 plants resistant to southern com leaf blight, a plant disease caused by a 
pathotoxin produced by the plant pathogen Helrenthosoorium mavdis race T. 
By exposing com callus to the pathotoxin produced by the plant pathogen, 
resistant callus was selected. Significantly, the progeny of certain 
resistant plants were also resistant to the toxin and plant pathogen. 

10 Thus callus culture of a com cell line is demonstrably effective in the 
develops of oathocen resistant com seed/ (See Gengerbach et al., 
-mheritance of Selected Pathotoxin Fesistance in Maize Plants Pegenerated 

, - t»~vi Mit-i Acad Sci. USA, 74:5113-5117 (1977)). 

From Cell Cultures," Prcc. Nat 1. Acao. sci. tw, 

Rr^'pf Description of the Drawincs 
Figure 1 is a representation of an isozyme pattern for esterase 
",S obtained by starch eel electrophoresis as further described in Example 7. 

Figure 2 is a representation of an isozyme pattern for alcohol 

„ , ^ u .i.^r^^cis as farther described 
dehydrogenase obtained by starch gel ele^~~ as 

in Example 7. 

Figur- 3 is a recreser.tation of an isozyme pattern for glutamate 
20 .dehydrogenase obtained by star* gel electrophoresis as further described 
in Exarole 7. 

Figure 4 is a representation of an isozyme pattern for ^lu- 
cosidase obtained by starch gel electrophoresis as further described xn 
Exanple 7. 

Summary of the Invention 
25 The present invention comprises tissue cultures of com inbred 

lin e 073. mese tissoe cultures are characterized as ^enic callus 
cul tures of com inbred B73 and cell suspension cultures derived fro, the 
exogenic callus culture of com inbred B73. As used herein, the tern 
-cryogenic callus" is defined as a friable callus having no visible 
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conization on Minted m*3iua but on regeneration median organizes 
into discrete globdar structures, * portion of which germinate to ^ 
plants. 

As use^ herein the term "variation" is defined as phenotypic 
5 chafes that are: stable, i.e., they persist In the absence of the event 
that induced the change; a* heritable, i.e., the new pfcenotype ^ trans- 
mitt^ to daughter cells when they divide. Changes in phenotype that per- 

• / lo» as the c-113 or tissues are maintained in a new environ- 

sist only so lo.^ as u-e \ — ±- 

ment are referred to as physiological responses. 

10 "Genetic variation" is used herein to describe heritable vari- 

that is sexually transmitted to progeny of plants regenerated, from 
cultured cells or tissues, the term "— t" is reserved for e-.e sp.cxa. 
ca- of cenetic variation in *ich a trait is transited meictxcaW 
accordi^ to well-established 1« of inheritance. When the nature or ,,e 

. „. . .. _ ►sp tf »T-Ti "variar.t" is used. 

15 heritable change is not Known, tne teen voj. 

. i_ • „u„ ► - r~n«K>d", re.'errinc to plants, 

As used herein the te—. rege. ; 

• , * n „_j n-«t=.» culture. The term "progeny" 
means slants derived from cell and tissoe c_ 

means plants obtained by self-fertilization, sibli^-fertiiization, bacV- 
crossing or out-crossing of the regenerated plants. 

As used herein the term "done" refers to callus or cell suspen- 
sions propagated from an established cell suspension or callus line. 

T^e scenic callus culture of com' inbred B73 characteris- 
tically is a collect of s^stantially isodiametric cells- which grow m 
chinos or aggregates of cells on solid maintenance medium such as .3 
IS medil or NS ^ .hat has been supplied with 0. 5 to 10 ^ 2,^ 
and 2% (w,/vol, sucrose. Co nointenance «diun the ^ caUus is 
friable, i.e., easily broken into seller cl,^ of cells and sir* . 
cells. Under the light microscope, no continuous epidermal layer i 
visible in the -nhrjogenlc callus, m ^ral, the pyogenic call«_» 
30 yellow-brc^ in color. Growth of the e^ryecenic callus is »pid, as «- 
su^ in fresh weicht accuavlatioK the Cryogenic callus crows ahou. 3 
tis faster than *. organic callus culture from >*ich it arose. 
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a consequence of its growth rate, the eabryogeruc callus needs to be 
transferred to new medium every 1-2 weeks. 

The embryogenic callus is further characterized by the absence of 
differentiated plant structure such as snail shoots or their primordia, 
5 roots or their primordia, and meristems. A characteristic of cell suspen- 
sions derived fron the callus is the production of a rucilagenous poly- 
saccharide in media containing sucrose and 2,4-0. This polysaccharide has 
been identified as a glactcse-mannose polymer. 

The most notable characteristic of the embryogenic callus is its 
10 formation of embryo-like structures. The embryo-like structures are com- 
pact and globular. By transferring the globular structures to a hormone- 
free medium such as MS or N6 mdiun, some of these globular structures can 
be induced to fco> plants. The plants can be transferred to soil and 
fertile B73 com plants are obtained. The progeny of these regenerated 
15 plants are substantially identical in form to seed-grown 373 plants. 
Thus, 'the invention enconpasses corn plants regenerated from an enfcrvo- 
genic callus of ccm irired 373 and the progeny of the regenerated corn 
plants. 

fr«_ a c.,^w_ 0 _ n^^tcgj errbrvogenic cell suspension cul- 

20 tures of embryogenic callus culture of ccm fnbred B73. Unexpectedly, 
these cell cultures retain the ability to regenerate viable 373 ccm 
plants. B73 cell suspensions capable of regenerating whole plants are 
initiated from friable B73 callus maintained on MS medium. Tne friable 
callus is transferred inbo a medium suitable for maintaining suspension 
25 culture, e.g. MS medium' with 2 mg/1 2,4H3, and is placed on * cyrotary 
shaker at 130 rpm at 29 *C. Cell suspensions are induced to form globular 
embryos by plating on solidified MS -or N6 medium containing no hormones 
and 2-5% sucrose. Globular embryos are transferred to solidified MS or No 
medium containing no hormones, 2% sucrose and optionally charcoal added to 
30 adsorb residual hormones, if any, and plantlets form or. this medium. Thus 
the invention encompasses com plants regenerated from an smbyrogenic cell 
suspension of com inbred 373 and the progeny of the regenerated com 
plants. 
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will be ve--er understood frco the following exam- 

'•' . h, i-ve-tor to be exemplary only and non- 
pies which are intended by -.e .we— w 

limiting. 

EXAMPLE 1 
Initiation of Orcanoaenic Culture 
Plants from maize inbred line B73 were grown to maturity in a 
5 grouse supplanted with metal halide lights (15 hours/day, and main- 
Li^ at 30-C during the day and 21 *C at night. These plants were selr- 
or siblinc-oollinated. Ln»ture zygotic embryos 1.0-2,0 -^ters <»»> 
in lencth'(12-U days post pollination, were aseptically reno^ 
fac s^rilized kernels and placed flat side down cn the initiation, medic 
0 which contained « salts .and « vitamins, 150 mg/1 asparagine, 

0.5 rc/1 2,4-D and 12% sucrose. All culture medium had b*en ac.us.ed * a 

i • „ r.,i-.^ae ircubated in the car.< aw 

cH of 5.8 prior to autoclavmg. Oil -res u.c^ 

23-C for 2-3 weeks, when a canpac* white tissue proliferated 

. , „ f ^ 0 cr-it-Uur zycccic embryonic 'sheet axis was 

ccleorhizai end of the scute-iu... -rs . _ ^ 

- ^ .^if^V ^s-ues. The white compact tissue wnicn was 
15 not oart or the prolifera^n? 

ceased of parend-.ym.-lto cells with rsr-ematic regions *« 

ce'ered bv an eoidermal layer. Kcercus root cisterns, occasional snoots 

^-Kie t-i^^-ip compact tissue was 

<=***rch arains were seen m this .i^sue. wn.~ . 

r^ed from tine embryos, transferred to a maintenance medic, 
20 the same as the initiation medic out included 0.5-1.0 mg/1 2,,-D an- 2% 
sucrose, and cultured under Agrolites (1500 lu*) at 28'C. Cultures were 
transferred to fresh medic every 1-0-20 days. 

The esq** tissue produced cn the. initiation medic- became 

±. k-^c'-sr-^ to the maintenance medium.. Nui. 
extremely heterogeneous when transferred to t.e. na 

25 erous shoots, roots, as well as friable and compact green tissues became 
' visible. Leafy and rooty tissues were carefully removed ana aiscarced 
from the compact organogenic tissue at each transrer. 

After ore year of continuous selection against non-regenerating 
regions and roots, "the resulting organogenic tissue was oark green com- 
30 pa^, convoluted ard covered by a defined epidermis. Tr,s 

l ayer rained continuous even in zones that produced sheet ™^ 
Meristenatic centers v*re c^cn beneath the ep.cerma. layer. Th.s t.ssue 
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was characterized by an e,t«nely slow grow-, rate which could be 
increased by the addition cf 9 zeatin. The addition of zeatm also 

reduced the quantity of tissues normally selected against. 

EXAMPLE 2 

Initiation and Selection o f Cryogenic Callus 
A friable, fast-growing callus was selected from the organogenic 
5 tissue after ever one year in culture in the following wm. The 
organogenic callus fron *ich the Cryogenic callus was isolated was 
trlsf erred to rcaintenanc* «dicn continlng HS salts a* MS v^ns, ISO 
„/l asoaragir.e, 1 «g/l 2.**. 1 ^ 3. Wichlorophenxy acetic acd 
( 3 s-dj". 2% sucrose and 0.6% washed agar. The organogenic callus was 
10 transferred after 3 wee** to fresh n*di- having the «*» agents. 

After a total of 5 weeks or. the aediun, the Cryogenic callus 
aroe =red as snail isodiawtric cells having dense cytoplasm and large 
nuclei on microscopic .x»ination. The sectors were embedded in a 
m ucila=enous matrix. Th, sectors and ^cilagenous matrix ^re reeved 
15 frcn tie surrounding compact organogenic callus with sterile 

«... re^ed by scraping with a sterile scapel. The sectors and —la- 

-i,^ «;«^npnrp rnp^ium as describee abeve cut 
qenous matrix — _ _ ■ 

lading 3,5-0. Friable Cryogenic callus grew a^rox^tely 3 t_*es . 
faster than the organogenic tissue on the maintenance medio, wi J, 3,=K>. 
20 Altho^ch the e^enlc callus was initially isolated from an organogeny 
callus' that had been g«o« - maintanence median including 3,5-D, yc- 
genic sectors have been subsequently isolated fran organogenic cal us th.w 
has been maintained without 3,5-0. These isolates, however, tend to 
rapidly organize and cannot be maintained. 

EXAMPLE 3 
Tnitiation of Susp pnsion Cultures 
2 c one and seventy-seven one-hundred ths gram (1.77 g) of friable 

callus tissue fro, cor. irbred B73 was inoculated into 25 ml of ,S medi*, 
havina the following carwenents: 
magnesia, sulfate-seve- hydrate (MgSCVTH^), 
calciun chloride-dihydrate (CaCl 2 -2H2p>. , 
30 potassium nitrate (KNO3), 
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ammonium nitrate (NH4NO3 ) , 
potass ran phosphate (KH 2 P0 4 }, 
manganese sulfate-four hydrate (MnS0 4 -4H20) , 
zinc sulfate -seven hydrate (ZnS0 4 -7H20) , 
5 cupric sulfate- five hydrate (CuS0 4 -5 H2O), 
cobalt chloride-six hydrate (CoClrSH^ 
potassium iodide (KI), 
boric acid (H3BO3), 

sodiuii molybdinan cxide-dihydrate ^a 2 McO 4 -2H20) , 
10 ferrous sulfate-seven hydrate (FeS0 4 -7H20) , and 
sodium ethyl enediaminotetrace tic acid (Na 2 E7TA), 

in general, as used in the invention, the exact concentration of the salts 
can be varied within limits without departing from the invention.. 
standardize the making of the media, however, the concentrations of the 
15 above listed minimal salts arc as follows: 

MgS0 4 .7ri2O 370. milligrams/liter (mg/1) 

CaCl 2 *2H20 440 ^ 

KS0 3 1900 ^ 

NK4NO3 1650 

20 KK 2 FC 4 170 

MnS0 4 -4H 2 O 22 - 3 ^ 1 
2nS0 4 -7H20 6. 6 mg/1 

.Cre0 4 .5H^O 0- 02S ""3/1 



ZD M 



COC1..6K2P 0 - 025 

C.S3 mg/1 



H2BO3 



6.2 mg/1 



30 



Na 2 !^0 4 *lH 2 0 ■ °- 25 Tr ^ /1 

FeSC 4 -7ri20 28 * 75 

Na 2 ETTA 37 ' 25 

The median further contains the following vitamins, hormones and 
carbohydrate sources: 

Thiamine-HCl 
Pyrodoxin-HCl 



nn/T 



Nicotinic acid . 1.3 mg/1 

35 Calcium pantothenate °- 25 ITT 3 //1 

L-ast^aragine 132.0 mg/1 

2,4^ 2.0^/1 



sucrose 



2% weight/volume 
6.0 
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The friable embr.-cce.iic callus and medium are placed in a 100 ml 
Delong flask and are incubated at 27 *C on a gyratory shaker at 130 rpn 
wi-h indirect lighting frcm Agrolites for 16 hours a day for 7 days. Cul- 
tures were transferred every 7 days in a 2 to 5 culture to median transfer 
5 into 50 ml of the same media in 250 ml Delong flasks. 

Bnbryos are generated frcm the suspension cultures by removing a 
one ml aliquot from a 7 day old transfer and placing it on a solid plant 
growth median such as MS medium or N6 medium containing no hormones or 
0.01 mg/1 2,4^3 and from 2 to 6% sucrose. The plates are maintained under 
10 the conditions described in Exanple 4 for approximately one v*ek_- Plants 
may be regenerated from the embryos by transferring the embryos to ^E or 
- NS media containing no hormones and 2 to 6% sucrose as described in 
Example- 6 below. 

EXAMPLE 4 
Formation of Embyros and Plantlets 
A 15 dav old suspension culture having a volume of approximately 

15 ■ 25 ml was placed* in a sterile centrifuge tube and the cells were spun down 
at 1000 rpm for 5 minutes. Tr.e supernatant --as discarded and the cells 
were resusoendri in 25 ml of hormone free N6 medium containing 6% sucrose. 
One ml of 'the resuspended cells was dispensed onto solid N6 medium con- 
taining 6% sucrose, no hormones, and 0.5% washed agar (K.C. Biologicals, 

20 Penex, Kansas). The plates were covered and maintained at 27'C under 

Agrolites at 1000 to 3000 lux for 16 hours a day. After 23 days,, numerous 
globular structures grew on the hormone-free N6 medium containing 6% 

• sucrose. These globular structures were removed and transferred to 

hormone-free MS median with 2% sucrose and 0. 1% charcoal. After 6 days 

25 four plantlets approximately 1 to 2 centimeters (en) in length having 
shoots and rnots were observed. 

EXAMPLE 5 

Regeneration of 873 Plantlets frcm Suspension Cultures 
A B73 suspension (maintained as a suspension for approximately 4 
months) was centrifuged at 1000 rpn for 5 minutes to pellet its cells. 
These cells were then weighed and diluted with hormone-free M.S. medium to 
30 a concentration of 100 suspended cells/ml hormone- free medium. One ml 
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* ,.00 „ ells, ~ *«- «» » »— * — «"» » 

rose, 0-H charcoal, cn = 5.8. 

T^e ox tes -re Incited .t 29'C in the car*. After one 
„rth globular 'structures forr.ed *hi=h «re then transferred to fresh 
5 Plac^ ^er Aerolites. After approximately 3 « of 

these structures had developed into plantlets. 

EXAMPLE 6 

29-C h a. dark. M«t 21 das'. »™"<» P 1 ** 1 '" . 

„ zlc « — — . — «-f 3 1 : ~v;:r - 

• sn r-i of hcricne free M.S. meaiun with 2% Sucrose, 
indies) containing 50 nl of hcr^one ^c-^r-d t0 

^ aocroxipately one month, six of these plant, «re trans.e.red 
^ in "the gree^use. All of *ese plan* were oxo* to purity. 

EXAMPLE 7 

IS o^e prison of Br^enic 373 Callus Culture 

and Non-Snto rvrgenic 3/3 tiss^- 

TT . . - — rr, inbred 373 tissue indicatec 

-follows: rwintai*^ B73 plants. 

" Leaves - taken directly fran 6 week old greenhouse inaintai.^ P 
¥ , , r _ «< x days after germination from seed. 

Coleoptile - taken —ccjs — x "-o rH<-illeo 
— ' ^ . 0-73 se ^ s one dav after soaking in dis.iiieo 

25 cu rccts - taken from mature B/J seecs one u . 



water. , . • j , c _ 

scutellun, - taXen fron mature 373 ^ one day after soa^ x« dis 

tilled water. 
Zvcotic Bfcrvo - taken 19 days after pollination. 
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„ 7 .-^ic ^r,o Rested - taken 12 days after pollination and then 

t-ans'e'red to the medio* of Example 3 for 7 days. 

r ^rvooenic'- 2,4-? - friable Cryogenic callus tissues of B73 that «ere 

Stained on the Indian of Example 3 without 2,4-3 for ! 9 days. 

5 r^rvocenic + 2,4^ - friable e*brycgenic tissues of B73 that were main- 
tained on the rediin of Example 3. 

Oroanocenic - organogenic tissue of B73 that v*re maintained on the median 
of Exarole 3. 

Figures 1-4 an* representations of starch gels run for the indi- 
10 cated enzymes. The gels patterns shew the following results: 

Esterase - Figure 1 - Embrycgenic cultures gave the sane isozyme 
patterns as rescued zygotic embroyos and organogenic cultures gave the . 
same isozyme pattern as mature leaves. 

Mobol dehydrogenase - Figure 2 - organogenic cultures and 
15 cryogenic cultures cn medio,, without 2,4-3 gave the sa^e isozyme pattern 
as zygotic embryos, but Cryogenic cultures on the same medium containing 
2,4-D did not. 

Glutamate dehydrogenase - ngure j - «.^j-,c.— - 
medium without 2,4^ ,« the sa^ pattern as zygotic embryos, but e^ryo- 
20 genie cultures on mainterur.es medium with 2,4-D did not. 

A ^lucosidase - Figure 4 - embryoger.ic and organogenic culture 
gave the sL pattern as coleoptiles but a different pattern than zygotic 
embryos. 

These results support the characterization that regeneration 
25 from embryegenic cultures proceed, by- a type of sanatic 

presence of isozymes usually associated wit., coleoptiles suggest ha. 
Lhe timing of embryonic develop^ntal events «y be different than tha. 
of of zyectic embryos. 
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EXAMPLE 8 

Characterization of ^ C '~ 
of Erfrrvocemc B73 Tissues 

Ten^Tof a 7^1d -J^nic ceil suspension of 
B73 was transferred into a fresh 50 nu aliquot of the n*diu-n of Ex^le 3. 
2 ZLs were g ro^ in the light at 27'C in a shaXer at 130 rp.. 
^ X, cells a* debris «re re^ed fcc. the nediun by centri uga- 
SToI f Ut .tie*. The r^inir, clear culture *ediun was then diluted 
J , r**— of «h«ol (9S» v/v) at r« te^erature with txrrmg. A 
.lie fibrous precipitate ~s collected en a 

abS olute ethanol «d dried in a vacuo, dessicator 
itate was h^drolyzed in 1 normal hydrochloric acid for o hours at 
1 k „™J'sucars we^e aralvzed by 13c natural abundance nuclear 
and the component suga-S we>e . ^ aVor - 

/13r-*M„\ or a Va*^ an XL-200 spectrometer, 
magnetic resonance ('-JC-WK) or. a va-.ai 

• .-^ ^ ident< e <°d as a oolyner cenrprising calac- 
The polysaccharide was icent— ^ " - 

tose a^ ^nncse in about a 4,1 glactose.anncse ratio. 
edition different fro. noi* root sli«, *ucn conta^ a lucose- c 
,5 « abundant in tuco« ^ gaiacturonic acid, and corn hull-^, 

^ .lose, arabi.se - c.atose in a 7:5, " «" 

. Th . nf Plant Gu^ nnr* m^Ws ^ Sere Related. 

t 5-;-'— a^ishipa Cor?.. Ne.v York). 

Po ivsaccnarxucs f .u....— • 

SAM?i£ 9 
Careen Source Utilization 
suspension .cultures of com inbred 373 were washed 



10 



20 



25 



- n ni washed acar and contained 1% w/v ct tne 

had be^n solidified with Q.o* wasneu 

had been listed in Table I below. Colony growtn 

filter-sterilized test carrcuncs 

. ^ ..po^ 9 weeks crowth m tr.e dar* at 

was assessed visually after - -ee*s ana * - 

27*C. 

toxicitv of galactose in the presence of sucrose -was tested 
. of com inbred 373 by incorporating 

on enbryegeme suspension e-.iK-.es ot com _„,- nina i % w/v 

calactose (0.1 to 6% w/v) into the -rfiun of Staple 3 containing % 
su^se Lth was .easured by pac.ed cell volun. (PC* after 7 da,, 
incubation cn a shaker at "*C in the Ucht. 
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« - g*- ro - v " ioos e ** n Sourc " 

B73 Cell Growth 
Relative to rs^hvHr ate-Free Control 
gQ le Carbo n Source R elative 

sucrose 
D-^lucose 
soluble starch 
D-(+ ) -galactose 

-lactose 
D-sorbitol 
L-prol ine 
0 (control) 
L-(+)-arabinose 
myo-inositol 
-D-(+)-fucose 

L-glycine 
* L-arginine 
L-(-) -xylose 
D-(-r) -rr.ar.no se 
DL-rnalic acid 
D-mannitol 
L-(-) -sorbose 

-L-rhannose 
L-^lutamic acid 



0 
+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



j_ = visibly detectable growth. ^ 

Host of the c«t*n sources did not support growth of the cells 

n, the best growth «. gained with sucrose glucose. Soluble stare 
^ the best growth was ^ ^ 

suited good growth of the -U 1« - ^ ^ 

1 1 i ine showed limited crovth on soroitoi du. w y 

r,c-=r - - «« * « — — 

response to galactose. 
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The ernbryogenic callus of com inbred 373 which crew cn starch- 
containing plates appeared to lack the calactomar.nan secret icn present in 
the plates containing sucrose or glucose. Suspension cultures of the sane 
tissue growing on starch produced no detectable amounts of galactOTanjnan. 

SAMPLE 10 

Plants obtained in Example 6 were grown in the greenhouse and 
were either self -pollinated, back crossed to the parent B73 line, or 
sibling-pollinated with sister regenerated plants (designated R^S] for 
self-pollinated, R]BZ] for back crossed and R^Sibi for sibling pollinated). 
The corn progenies were produced from four regenerated plants. Two~c£-tbe 
regenerated plants were self -pollinated using the rain stem ear and a 
tiller tassel. Because of asynchronous emergence of tassels and silks and 
frequent occurence of tassel-ears, the remaining regenerated com planes 
could often not be self-pollinated, but instead were used as female 
parents in crosses to seed-grcvn 373. 

The seeds produced were grown out in the field between December, 
V983 and March 1S84. Plants wre evaluated in early February, which was 
approximately two weeks post-pollination for the corn. A total of ten 
rows of regenerant progeny wore planted out ear-to-row. In addition, two 
seed-grown* planum used as male parents in crosses with the r eg ene rants 
were also self -pollinated and used as check rows. Traits examined 
included: plant height, ear height, stem, diameter, leaf number .and any 
evidence cf single gene mutations affecting "plant appearance . While sor.e 
rows showed evidence of salt stress, no differences could be seen between 
the R^S-j , R]BC] , and R-jSibi progeny and the seed-grown check rows. 

Fran the foregoing it will be apparent to those skilled in the 
art that ernbryogenic tissues and cell suspensions of com inbred B73 will 
enable plant breeders, practitioners of methods of plant tissue and cell 
culture, and plant molecular biologists to carry out major improvements in 
this valuable and widely used com inbred. The ernbryogenic cultures cf 
'com inbred B73 provided by the instant invention make it possible, for 
example, to subject these cultures to _in vitro metagenesis to induce vari- 
ation in com plants regenerated therefrom. Methods for chemical and 
physical mutagenesis as well as ceil culture techniques for the recovery 
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„ are well •«« to t.ncse skilled In the-art (see for 
of desirable mutants are well Economically Useful Muta- 

„ „ a j -Possibilities of Ir.cucing Lconcm-c . 

ex^le: wi , h Ethyl Me thanesula,onate," Genet^ 

ticns in Ma- Se« * T . .« ^ ^ -^tion of ^ 

SSE^ESSSiE' i^iL, arri ^sarL. Resistance," Induc^u^tions, 

5 ^tants Sublines for ladgi* « ^ ^ ^ ^ Bftn 

Efficient Plating Sys eu *<* J arx3 &anas , j. A . et 

S ^ l0nS '" TJ2S£ T^^ Unci. Cells in Vitro - An Assess- 

^rove.ent ^ us , the invention is considered 

to encanpass mutagen^ B. 3 .xssoe of ^ 

t-he^»frOT ana trie 10^0.1- ^ 
plants regenerated tne ^ 

regenerated com plants. 

-p«* e w^o^ plants from the exogenic 

15 tissue and cell suspens.cn c ^ ^ ^ ^ ^ 

instant invention also enable- those ^ esir£ble trait,. (See 

r_ jpc.w^e traits or agains^ uncesi.^ 
— Sel ^rt^ ^ «t al., bo,, nation* herein**.-) 
Hiboert et al. ^ Benge.. ^^.^ culture, of com inbred 
using the enbryocenic w.ssoe c, ^ ^ = ejltures of . 

. - : — i -vent ion. it is • " 

20 B/j ol — ... - herbicides and patno- 

ccm inbred B73 to. select* e =gan_ tor se1ec ,ive agents and 

" 1 ^--ssu«s cs-nd cells resistant .o tne se-e 

toxins, to select "-«~ selective ^ ent3 . *,us, censored 

. tt regenerate plan* ^ ^ tissues ^ 

within the ^ * in ^ the. com plants and s.ed ■ 

25 cells of com ^ ~ — ny of the regenerated com 

thereof regenerated Jier-cr^ 

plants. 

. ir also be readily apparent to those skilled in the art 
:t uil. a-so be "-e^ion culture of com inbred B73 

.at ^enic ^ of _ clonal ^ in com 

30 provides the opportun £ ^ * ic ti88UB culture and cell 

ir , r ed B73 by regener t ^ ^ ^ enticn . 

su^nsion cultures o p ^ to ^ skil ied in tine art 

Suoh stable varia ticn «a K^ency of 

" ^^trti^^'wi. the in vi«o Culture and ttent 
35 Spontaneous Mu^a^cn «^ 
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generation in Maize," Maydica 26 , {X. 39-55 (1 981); Beckert et al., 
"E^ude de la Variabilite Genet icee Cbtenue Chez le Mais tores Callogenese 
et Regeneration de Plants in vitro , Acrormie 3, pp. 9-18 (1983); and 
Larkin et al., "Sopaclonai Variation - A Novel Source of Variability from 
Cell Cultures for Plant Improvement, " Theor. Appl, Genet. 60 , pp. 197214 
(1981). A large body of literature in fact suggests that plants regen- _ 
erated frcm culture are characterised by an unexpectedly high rate of 
stable propagatable phenotypic variation. See Rice, "Tissue Culture 
Inbred Genetic Variation in Regenerated Maize Inbred," 37th Ann. Com & 
iorghim Research Conference (1983). Thus it is new possible to provide 
progeny- with genetic variations arising fran samaclonal variants regener- 
ated from com inbred B73. Such characteristics ray be stably irainfea^Red 
in the second generation progeny of the regenerated plants and will 
generally exhibit either "jfendelian segregation (e.g., 3:1 ratio for single 
gene traits) or uniform expression since scnaclcr.al variation arises in 
diploid cells and may generate bcn»=ygous variants. Thus, the invention 
is considered to encompass scmaclcnal variants of the embryecenic callus 
and cell suspension of com inbred 373, com plants 'and the seed thereof 
regenerated the re fro?, and the crccery of the regenerated com plants. 
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CLAIMS: 

, . cryogenic callus and Cryogenic cell suspensions of com 
inbred B73 and the clones thereof. 

2 coo, Plants and the seed thereof regenerated fron eotoryc- 
genic callus and exogenic cell suasions of corn inbred B73 and the 
5 clones thereof- 

• 3 . Mutagenized Cryogenic callus and denized cell suspen- 
sions of com inbred B73 and clones thereof. 

" 4 Com plants and the seed thereof regenerated from nutager.- 
. ized exogenic callus and denized cell suspensions of com xnbred 
10 B73 and the clones thereof. 

. 5 P^oceny of com plants regenerated fro, Cryogenic callus 
a* eugenic cell suspension of com inbred B73 and clones thereo,, 
said progeny including stents and variant progeny. 

6 anfcryogenic callus of com inbred B73 having the character- 
o^j-s . ^ 3?3 deposited in the 

^s^ions -rived fro. said Cryogenic callus an, clones of sa.d 
e^enic callus or exogenic cell suspensions.^ 

7 com plants and the seed thereof regenerated from the 

20 e^enic'callus and exogenic cell suspensions ^ clones of sa.d 
J^enic callus or Cryogenic cell suspensions of Clai, 4. 

8 Mutaoenized Cryogenic callus of com inbred B73 said 
,'callus'of com inbred B73 having the characteristics of an 

^ Sus com inbred B73 deposited in the *-ican Type 

enbryogen.c callus ot com mutagenized cell 

25 Culture Collection under MCC fcrcessi of ^ muta - 

suspensions derived from said exogenic callus and clones 
TenTzed pyogenic callus or eugenic, cell suspenses. 
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9. Com planes and the seed thereof regenerated from the rrruta- 
genized erbryoge.nic callus and mutagenized cell suspensions and clones of 
said rutageniced eroryogenic callus and iTutage.nized er.brvoger.ic ceil sus- 
oe.ns iocs of Claim 8. 

5 10. Progeny of corn plants regenerated frcm embryogenic callus 

having the characteristics of an erbryxjenic callus of corn inbred B73 
deposited in the American Type Culture Collection under ATCC Accession 
Nunber 40116 or regenerated fran cell suspensions derived fran said 
eTbryogenic callus having the characteristics of an errbryogenic callus of 
10 com inbred B73 deposited in the African Type Culture Collection under 
ATCC Accession Nu.-r.ber and clones thereof, said progeny including 

. mutants and variant progeny. 

11. An en-bryogenic callus of corn inbred 373 as deposited in 
the American Type Culture Collection under ATCC. Accession Nuroer 40116, 

15 cell suspensions derived from said erbrywenic call -us and clones thereof. 

12. Corn plants and seed thereof regenerated fran the embryo- 

* genie callus of corn Inbred B73 as deposited in the American Type Culture 
Collection -under ATCC Accession Nurrbo r -10! 1(3 ceil suspensions • 

derived frcm said embyrogenic callus and clones thereof. 

20 13. Mutagen! zed erb pyogenic callus of com inbred 373 as 

deposited in the American Type Culture Collection under ATCC Accession 
Nurber 40116, mutagenized cell suspensions derived fran said erbryogenic 
callus and clones thereof. 

14. Corn plants and the seed thereof regenerated frcm the ojta- 
25 genired callus, ir.utagenizcd cell suspensions and clones of said mutagen- 
ized enbryogenic callus aiid m-utagenircd er^ryogenic cell suspensions of 
Claim 13. 

15. Progeny of com plants regenerated from the errbryegenic 
callus corn inbred B73 as deposited in the A-nericar Type Culture 

30 Collection under ATCC Accession Number 401 in, c^n suspensions derived 
frcm said enbryogenic callus and clones thereof, said progeny including 
mutant and variant procency. 
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FIG. I 
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FIG, 2 

ALCOHOL DEHYDROGENASE 
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